Introduction 50
Endothermy is defined as the ability to produce endogenous heat, allowing individuals to 51 maintain a positive temperature differential with the environment and remain in 52 homeothermic condition (Hill et al., 2004) . Heat production may be modulated through 53 behavioral and physiological changes at different scales and across a wide range of 54 ambient temperatures (Gilbert et al., 2010) . For example, animals exposed to temperatures 55 below the thermoneutral zone (TNZ) must compensate heat losses by increasing their 56 metabolic rate in order to remain homeothermic (Canals, 1998b) . Thus survival of small 57 mammals at low temperatures may depend on their ability to reduce heat loss and/or to 58 increase metabolic rate, which in many cases involves a large energy cost ( that local heating is crucial in reducing the extent of the cold challenge in huddling rabbit 64 pups. Through thermal images they demonstrated that at 14 ºC, the mean surface 65 temperature of the huddle was higher than the mean temperature of isolated pups. This 66 study demonstrated that local heating when huddle provided each pup with an ambient 67 ''public warmth'' in the cold. Thus, huddling behavior reduces energy costs by reducing 68 the metabolic rate and average thermal conductance of each individual in the group, due 69 mainly to the reduction of surface area and altering the thermal environment experienced 70 by animals exposed to the cold. In this sense, however, whilst in some species the benefit 71 is shared in an equitable manner, in others it has been reported that some individuals may 72 benefit more than others when huddling (Bustamante et. al., 2002) . Apparently, this 73 asymmetry would be the result that some animals would preferably occupy the best 74 location in the group (i.e., the center), while others would be relegated to occupy a larger 75 proportion of time to the periphery (Shank and Alberts, 1997). Moreover, this reduction is 76
proportional to the number of individuals in the group to the power of -0.33 (Gilbert et al., 77
2010; Canals and Bozinovic, 2011). For example, for Octodon degus, a rodent that dwells 78 in semi-arid areas of northern and central Chile, the huddling effectiveness (He, the 79 Experimental evidence has shown the existence of i) decreased rates of individual 110 energy expenditure (e.g. resting metabolic rate) in grouped organisms when exposed to 111 temperatures lower than the TNZ and ii) a remarkable physiological flexibility of rates 112 of energy expenditure when acclimated to different temperatures. In the former case 113 huddling allows energy savings during the grouping behavior, whereas physiological 114 flexibility modifies the rates of energy expenditure in the medium term (e.g. weeks) in 115 order to cope with the different thermoregulatory needs. However, to date there is no 116 evidence that the use of huddling may affect medium-to long-term rates of energy 117 expenditure in endotherms, i.e., that huddling behavior affects the phenotypic response 118 of individuals acclimated to different temperatures. The aim of this study was to 119 estimate the effect of social grouping on flexibility in BMR, TEWL and thermal 120 conductance in Octodon degus or degu, a social rodent that exhibits huddling behavior 121 both in captivity and in the wild (Ebensperger and Wallen, 2002) and dwells in highly 122 seasonal environments of central Chile (Di Castri and Hajek, 1976) . We test the 123 hypothesis that the presence of huddling and group size plays a modulating role in the 124 acclimation capacity of BMR in adults. Specifically, we predict that huddling will 125 decrease or prevent an increase in BMR when animals are acclimated to cold 126 conditions and that this effect is proportional to the number of animals grouped. 127
128

Results
129
After thermal acclimation, we found a significant effect of body mass on total BMR. The 130 allometric equation relating BMR with body mass (bm) was: BMR = 7.9*bm 0.53 (r 2 = 0.21, 131 F (1, 25) = 13.88, p = 0.009). We also found a significant effect of the acclimation 132 temperature (F 1, 25 = 6.98, P = 0.014), the number of individuals grouped (F 2, 25 = 9.27, P 133 = 0.001) and the interaction between these two factors on mass-adjusted BMR (F 2, 25 = 134 6.92, P = 0.004). The post hoc test revealed that mass-adjusted BMR of rodents 135 acclimated individually at 15 °C was greater than that observed in rodents acclimated 136 individually at 30 °C (Fig.1) . In groups of three, O.degus decreased mass-adjusted BMR 137 by 15% and 7% when acclimated at 15 °C and 30 °C, respectively (Figure 1) . 138
Additionally, cold-acclimated animals in groups of three exhibited higher mass-adjusted 139
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BMRs than those of warm-acclimated animals in groups of three, but this difference 140 appeared to be smaller than that observed in individual acclimated groups. Compared with 141 those housed alone, in groups of five the decrease in mass-adjusted BMR was 142 approximately 40% for degus acclimated to 15 °C. However, there were no significant 143 energy reduction for degus acclimated to 30 °C. Finally, mass-adjusted BMRs of animals 144 in groups of five individuals did not present significant differences between warm and 145 cold-acclimated groups. Furthermore, the mass-adjusted BMR of cold-acclimated animals 146 in groups of three was similar to that of cold-acclimated animals in groups of five 147 individuals. The same was true for warm-acclimated animals for these two groups. Also, 148
we found a significant effect of acclimation temperature on thermal conductance in O. 149 degus (ANOVA F 1, 29 = 6.47, P = 0.016, Table 1 ). Specifically, we found that the average 150 individual conductance of animals was greater in rodents acclimated to 30 °C than at 15 ° 151 C (Fig. 2) . However, we found no effect of the group size (F 2, 29 = 1.56, p = 0.22) or the 152 interaction between factors (F 2, 29 = 0.90, P = 0.41) on thermal conductance. 153
We found significant differences in measured temperatures between treatments 154 (F 9,71 = 165.9, p < 0.0001). The a posteriori analyses showed that maximum surface 155 temperature and mean contour temperatures were higher in grouped than isolated animals 156 at 15ºC, but not at 30ºC. Moreover, at 15ºC the temperature of contact was higher than the 157 contour temperatures of grouped and isolated animals ( agreement with that, our results revealed that the surface temperature of the entire group 241 exposed to 15 ºC was higher than the surface temperature of solitary degus and that such 242 difference is coupled with the increased temperature of the boundary of each animal when 243 huddle (Fig. 2 ). An additional hypothesis the so-called socio-physiological effect 244 (Speakman and Rossi, 1999) , states that there would be a decrease in metabolic rate of 245 animals grouped since they tend to decrease their levels of anxiety when perceiving 246 conspecifics (Martin et al., 1980). However, the socio-physiological factor did not have a 247 significant effect in this study, because individuals grouped in five and acclimated at 30 248 °C did not exhibit a significant reduction compared to the BMR observed in solitary 249 individuals (Fig.1) . 250
Furthermore, the decrease in energy expenditure individually within the group 251 conducting huddling also has a per capita cost since the fuel consumed by thermogenesis 252 is generated individually, although the benefits are shared by the group (Haig, 2007) . In 253 this vein, it is possible that some individuals could benefit more than others in huddling. 254
Our video record revealed that some degus of our group treatments may have benefited 255 more than others and thus decreased their BMR more, which is consistent that the 256 coefficient of variation in BMR seems to be higher in grouped than in non-grouped through random selection of five periods of 6 min by trial (two hour each). We hence 403 analyzed a total of 50 records for which we obtained 239 individual observations. We 404 count as positive when an animal were surrounded by at least two animals and negative 405 when where the subject was located at the periphery of the group. Then, we calculated the 406 observed frequency of times that each animal spent in the center of the group and the 407 
